INTRODUCTION
Deterioration of lipid-rich food and cosmetic products due to lipid autooxidation is main obstacle for their wider application. At present, synthetic antioxidants such as BHT butylated hidroxytoluene and BHA butylated hidroxyanisole are being used to prevent oxidation of lipids in these products, but their application is questionable because of their potential toxicity 1 . Natural antioxidants which could be used as adequate substitute for this purpose are fatty acid esters of vitamin C, since they are lipophilic in distinction to vitamin C , their free radical scavenging capacity is high, their usage does not pass on any additional odor, flavor, and color to the product, and their degradation forms are not toxic unlike synthetic antioxidants 1 3 . Additionally, fatty acid ascorbyl esters are compounds with both hydrophobic and hydrophilic functionality and therefore can be used as non-ionic surfactants in detergents, zymatic synthesis of ascorbyl esters has been reported, in which several microbial lipases, such as lipase from Candida antarctica type B, lipase from Thermomyces lanuginosus, Bacillus stearothermophylus SB1 lipase, and lipase from Rhizomucor miehei, were successfully used as biocatalysts 2, 10 15 . Majority of reported investigations were focused on esterification with saturated acids, mainly palmitic acid 3, 10 13 . However, relatively low solubility of ascorbyl palmitate in oils is main obstacle for its wider application in food. This drawback could be overcome by using unsaturated acyl donors. Nowadays enzymatic synthesis of ascorbyl oleate and other ascorbyl esters of unsaturated fatty acids are very attractive, especially since it was reported that ascorbyl oleate has stronger antioxidative activity in comparison with ascorbyl palmitate and vitamin C 13 . In the present, majority of investigations devoted to ascorbyl oleate synthesis, describe reaction in tbutanol or t-amyl alcohol as organic solvents 13, 14, 16 . As alternative solvents, ionic liquids IL were used, due to the good solubility of reactants and products 17, 18 . When it comes to acyl donors, both fatty acids and their methyl and vinyl esters were used in previous studies. Generally, higher yields were achieved when activated acyl donors were applied instead of oleic acid 17, 19 . In both cases costs of the process were significantly increased, and enzyme stability was called into question when ILs were used. Conventional methods for the optimization of enzymatic reactions involve varying one parameter at a time while the others are kept constant which, in distinction to factorial design, does not provide insight into existence and nature of interactions among factors 20 . Response surface methodology RSM and central composite rotatable design CCRD are useful statistical techniques for investigation and optimization of complex processes in which existence of interactions among experimental parameters is assumed. These methods have been successfully employed in researches focused on lipase-catalyzed esters production 21, 22 .
Nevertheless, only in a few extensive studies RSM and CCD were applied for the optimization of enzymatic synthesis of fatty acid ascorbyl esters 12, 23, 24, 25 . In these studies influence of several important experimental parameters was investigated, but exclusively in terms of limiting substrate molar conversion. Also, to our best knowledge, esterification of oleic acid with vitamin C catalyzed by lipases was not by now optimized using any kind of statistical design. In this study, the synthesis of ascorbyl oleate was catalyzed with immobilized lipase from C. antarctica and oleic acid was used as acyl donor, because of its low price and commercial availability. As a reaction medium acetone was applied, since there are previous reports of its successful application in biocatalyzed synthesis of ascorbyl oleate 19 .
Additionally, it has been rated as a GRAS generally recognized as safe substance in food and preserves at concentrations ranging from 5 to 8 mg l 1 , while lower price and higher volatility makes it more economically favorable comparing to t-butanol, since high volatility offers possibility of less energy consuming and simpler downstream processing. Effects of key experimental factors enzyme loading, vitamin C concentration, initial water content, substrate molar ratio, and temperature on biosynthesis and interactions between them were analyzed using RSM and 5-level-5-factor CCRD. Examined parameters were optimized in terms of limiting substrate conversion, ester yield, and yield of product relative to immobilized lipase amount. Also, the attempt was made to increase product yield by addition of molecular sieves, in order to absorb water produced during esterification, and timing of sieve addition was optimized. Finally, the reuse of immobilized catalyst utilized at optimum conditions was tested throughout ten reaction cycles and different reactivation strategies were tested.
EXPERIMENTAL PROCEDURES

Enzyme and chemicals
Novozym ® 435 lipase from C. antarctica, type B immobilized on acrylic resin was purchased from Novozymes Bagsvaerd, Denmark . Substrates were L-ascorbic acid purity 99.7 , Zorka, Šabac, Serbia and oleic acid Ph. Eur., NF pure purchased from Appli Chem, Darmstadt, Germany. As reaction media, acetone 99.5 , Zorka Pharma, Šabac, Serbia was used. Substances used for the quantitative HPLC high performance liquid chromatography analyses were methanol obtained from JT Baker, SAD, and phosphoric acid purchased from Sigma-Aldrich Chemie Gmbh, all of HPLC grade. Zeolite molecular sieves with diameter 2-3 mm and 0.4 nm pores were used as water adsorbents. Acetonitrile and formic acid mobile phase for reaction product purification were of HPLC purity, both purchased from Sigma-Aldrich Chemie Gmbh. For the spectral analysis, 2,2-dimethyl-2-silapentane-5-sulfonate sodium salt and CDCl 3 were used HPLC grade, Sigma-Aldrich Chemie Gmbh .
Procedure for the enzymatic synthesis
Experiments were carried out in 100 mL capped vessels. The reaction mixture consisted of different amounts of ascorbic acid, oleic acid, enzyme, water, and acetone amounts specified for each experiment separately , so that the total volume was 10 mL. The measurement of water concentration in organic solvent was performed on the Karl-Fischer apparatus Mettler Toledo, USA .
The reactions were conducted in a shaker at 250 rpm and at temperature in range from 40 to 60 . Reaction time was 72 h. All experiments were carried out in duplicate and average values are presented in following figures. All standard deviations were less than 5 . Control samples without enzyme were prepared by exposure to the same temperature treatment. Product was not determined in control samples.
Experimental design and statistical analysis
A 5-level-5-factor CCRD, including 32 experimental points 16 factorial, 10 axial, and 6 center points was employed in this study. Table 1 shows experimental design coded and actual levels of variables and obtained results. All 32 runs were performed in random order so that the systematic errors would be avoided.
Experimental data were analyzed by response surface regression RSREG method to fit the second-order polynomial equation
Where Y is response conversion Y 1 , yield Y 2 , and yield of product per enzyme amount Y 3 , β k0 , β ki , β kii , and β kij are constant regression coefficients, X i and X j are uncoded independent variables, and k is the number of single factor. The least square method was employed for the response function coefficients calculation and their statistical significance evaluation. MATLAB 7.0 Mathworks Inc., Natick, MA, USA was used for that purpose. Only the significant terms p ≤ 0.05 were considered for the final reduced model. Adequacy of the obtained model was tested using the Fisher test. Student distribution was used to evaluate the significance of the coefficients.
Reusability study
Experiments were conducted at previously optimized Table 1 Experimental design and obtained results.
Exp. reaction conditions. After each reaction cycle 24 hours , samples were taken for HPLC analysis and the enzyme was separated from the remaining reaction mixture by vacuum filtration. Immobilized lipase was then washed-out three times with 20 mL of acetone, dried at 37 for 3 hours, and reused in the following cycle. Ten consecutive reaction cycles were performed.
Enzyme, remained after reusability study, was reactivated during the 30 minutes long treatment in a shaker at 100 rpm and 25 . As a reactivating agent, 10 mL of 0.05 M sodium phosphate buffer has been used.
HPLC analysis
For quantitative analysis of reactants and products, Akta Purifier HPLC system Amersham Pharmacia Biotech, Piscataway, NJ, USA was used. A reverse phase column, Waters Spherisorb ODS 2-C18, 250 mm 4.6 mm, 5 μm, was employed Waters, Milford, MA, USA . Injection volume of reaction mixture, fifteen times diluted, was 10 μL. Methanol/H 3 PO 4 , 100/0.1 v/v , was used as eluent with a flow rate of 1 mL min 1 . Product was detected by UV detector at 235 nm.
Puri cation of reaction product
Reaction mixture was filtered, evaporated under reduced pressure and diluted in acetonitrile to reach one tenth of concentration in reaction mixture. Diluted mixture was subjected to Akta Purifier HPLC system equipped with fraction collector. Semi preparative reversed-phase C18 column HYPERSIL GOLD 5 μm ODS, 10 250 mm, Thermo Fisher Scientific, Waltham, MA, USA that has been preconditioned with 95 acetonitrile in 0.1 v/v formic acid, was used. The injection volume was 1 mL. Mobile phase was 95 acetonitrile in 0.1 v/v formic acid. The flow rate was 6 mL min 1 while the detection wavelength was 235 nm. The pick fractions 0.5 mL volume of product were collected by fraction collector.
Fractions with pure compound retested in analytical column were merged and evaporated to constant mass. Varian Medical Systems, Palo Alto, CA, USA. Chemical shifts were expressed in ppm δ using 2,2-dimethyl-2-silapentane-5-sulfonate sodium salt as an internal standard.
Spectral analysis
RESULTS AND DISCUSSION
The effects of five experimental factors were optimized with respect to different outputs, using RSM and CCRD. Further improvement of ascorbyl oleate synthesis was performed by optimization of water removal with molecular sieves and operational stability study.
RSM optimization of key reaction factors
RSM was used to evaluate significance of individual factors, recognize their interactive effects, and to determine optimum conditions for ascorbyl oleate synthesis. RSM has been applied previously in optimization of synthesis of ascorbyl esters of lauric, palmitic or benzoic acid 12, 24, 25 , but to our best knowledge not with oleic acid or other unsaturated fatty acids as acyl-donors. Most importantly, in all related studies output variable was conversion degree of limiting substrate ascorbic acid . In these studies, depending on nature of acyl donor, organic solvent, and ranges in which examined factors were varied, large discrepancies were obtained. For instance, temperatures in range 30.6-70 were determined to be optimal, highest conversions were achieved using amounts of enzyme ranging from 0.18 to 1 w/v , and optimum substrates molar ratios were between 1:1 and 1:9. In our study, besides conversion degree, two additional outputs have been analyzed-product yield and specific product yield per enzyme amount . In our opinion, these outputs provide additional information for process development. Product yield offers better insight into overall space productivity of reactor that should be taken into consideration, while specific product yield is more suitable output for optimization of economically sound enzymatic processes, since enzyme price predominantly contributes to overall production costs.
The effects of key reaction factors temperature, enzyme input, initial water concentration, substrates molar ratio, and vitamin C concentration were examined using 5-factor-5-level experimental design and obtained results are given in Table 1 .
It is obvious even by rapid overview of obtained results that reaction factors exhibit different effect on examined variables. The highest conversion of limiting substrate 57 was achieved in exp. 9 performed at 0.118 of water, 55 , 0.8 of lipase, substrates molar ratio 1:12, and 0.07 M of ascorbic acid. High conversions were achieved in experiments 12, 15 and 3, which were performed at equal ascorbic acid concentration, indicating that high conversion degrees can be reached only at low ascorbic acid concentrations. Product yield also reached maximum in exp. 9, but similar yield was achieved in exp. 10 at higher initial ascorbic acid concentration. On the other hand, specific yield reached maximum in exp. 22 performed at 0.118 of water, 50 , 0.2 of lipase, substrates molar ratio 1:9, and 0.12 M of ascorbic acid. The most striking difference between experiments 9 and 22 is enzyme concentration, since specific yield reached maximum at lowest concentration.
Then, three outputs were fitted with model Eq. Observed discrepancies in output maximums are confirmed with regression models, since it can be observed that all examined factors exhibited effect on specific product yield Eq. 4 , while from models describing conversion of limiting substrate Eq. 2 and product yield Eq. 3 lipase concentration x 3 was excluded because it was statistically insignificant. Also, models differ in intensity of individual factors effect and contribution of interaction terms, which will be explained in details in following sections.
The effect of initial water content
The concentration of water in reaction media is one of crucial factors which affect the enzymatic esterification. As it is known, certain amount of water needs to be present in reaction medium, since monomolecular layer of water on surface of enzyme molecule is necessary for enzyme activity 26 . On the other hand, reaction equilibrium can, undesirably, be shifted towards ascorbyl oleate hydrolysis, both by initial and generated water. In our study initial water concentration was optimized within range 0.018-0.218 v/v , where lowest concentration is equal to water present in acetone.
Decrease of all of examined outputs with the increase of initial water concentration was observed Fig. 1 , since negative linear coefficient appears in each of regression models Eq. 2-4 .
According to previous studies, it seems that immobilized C. antarctica lipase contains sufficient amount of water for preservation of its catalytic activity, since it has been reported several times that it exhibited highest activity at very low concentrations of water in reaction mixtures or in completely anhydrous medium 27 30 . However, when RSM was applied in optimization of ascorbyl benzoate synthesis, maximum results were achieved at significantly higher initial water content, comparing to our results and results of majority of previous reserches 25 . In our study, solvent of higher polarity was used, so it is plausible that certain amount of added water is needed because polar solvents can dissolve water layer around lipase molecule. Also, the interaction of water concentration with some of other factors was observed. For example, in substrate conversion model Eq. 2 the positive interaction between water concentration x 1 and ascorbic acid x 5 was observed Fig. 1 , probably due to the fact that solubility of ascorbic acid in water is significantly higher than in acetone, hence this water layer can serve as pool of this substrate in vicinity of active site. On the other hand, positive interaction Eq. 4, Fig. 2 between water concentration and enzyme concentration x 3 can be ascribed to necessity of higher water concentration to provide formation of monomolecular Fig. 1 The response surface of water concentration and ascorbic acid concentration effects on conversion of limiting substrate.
water layer with primary function of preservation of open active site conformation 31 .
Enzyme loading effect
It is well-known fact that the price of the enzyme is the most important constituent in the overall expenses of the process, but reduction of the reaction time can also significantly decrease energy consumption and increase total time productivity. Therefore, one of main goals of optimization of enzymatic processes is to determine optimum concentration that will represent good compromise between these opposing demands. In previously reported RSM optimizations, conversion of vitamin C limiting substrate was mainly used as targeted output 12, 23 25 . In our opinion, important progress could be made with selection of adequate cost function, hence we also examined specific product yield calculated as amount of ester produced per mass of consumed lipase as output value since it contains information about both, product yield and spent enzyme amounts. After statistical analysis it was concluded that lipase concentration did not exhibit any effect on limited substrate conversion and product yield Eqs. 2 and 3 . On the other hand, lipase concentration was significant factor for specific product yield with maximum at low concentrations Fig. 2 . The range of lipase concentration was set to be 0.2-1.0 based on literature survey of previously reported ascorbyl ester synthesis. It seems that the lowest applied enzyme concentration was sufficient with respect to conversion and product yield, hence further increase of concentration did not make statistically observable impact on these outputs. Consequently, the increase of lipase concentration led to steep decrease of specific product yield Fig. 2 , since denominator of this expression was increasing rapidly, while numerator changed only slightly.
Generally, lipases capable of ascorbyl ester synthesis are very rare, hence enzyme preparation used in our study Novozyme ® 435 was used in majority of reported studies 2, 10, 12, 13, 24 so comparison with results is simple. Applied enzyme concentrations were usually high, up to 2 w/v . In a several studies the effect of enzyme amount was optimized, with simple one-factor at the time variation 2, 16 or using RSM 12, 23 25 and obtained values were in range 0.18-1 w/v 2, 12, 16, 23 25 .
When our results are compared with optimums obtained in previous researches conducted using statistical design in which different ascorbyl esters were synthesized, it can be noticed that amount of biocatalyst consumed in our research 0.2 is among lowest reported values. This indicates that excessive consumption of enzyme is not necessary for achieving high productivity of lipase-catalyzed ester synthesis.
The effect of substrates concentrations
Effects of initial substrates concentrations were examined by varying two reaction factors: initial concentration of vitamin C limiting substrate and substrate molar ratio. Both factors were found to be significant with respect to all of examined output values, but optimum values and contributions of individual coefficients differed with output.
In Eq. 2 the individual effect of vitamin C concentration x 5 was described solely with negative linear coefficient, hence the highest conversion was achieved at the lowest concentration-0.02 M Fig. 3a . The effect of molar ratio x 4 was also represented with negative quadratic coefficient -1.47 , so influence of this factor is graphically described with function with maximum. Negative interaction between these factors exists β 45 3.7 leading to shift of local maximums, hence the highest yields are expected at molar ratio 1:15 Fig. 3b .
On the other hand, in Eqs. 3 and 4 quadratic coefficient Fig. 2 The response surface of water concentration and enzyme concentration effects on specific yield of product.
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for effect of vitamin C β 44 was also significant with negative value, so the influence of this factor was not straight forward and output values reached maximum within observed scope Figs. 4 and 5 . The negative interaction factor between vitamin C concentration and molar ratio β 45 participates in both models with different intensity, which slightly affected positions of output maximums. Therefore, maximum of predicted product yield was achieved at 0.13 M vitamin C and substrate molar ratio 1:9 Fig. 4b , while specific product yield reached maximum at 0.135 M and 1:8 Fig. 5b . Generally, optimums for these outputs are similar, but significantly differ from optimums for conversion degree indicating that significantly higher ascorbic acid concentrations are beneficial for outputs describing overall process productivity, than for its maximum conversion. On the other hand, optimum molar ratios obtained in our study were lower for product yield and specific product yields, than for conversion degree. It seems that it could be ascribed to negative interaction between molar ratio and vitamin C concentration. Therefore, with yields as outputs, optimum vitamin C concentration was higher leading to decrease of molar ratios optimum. Similar trend of decrease of product yield caused by the increase of acyl donor concentration above certain limits was previously reported and ascribed to conformational changes of lipase induced by excess of lipid in organic phase which Contour plot.
caused hindered access of the hydrophilic ascorbic acid to the catalytic site of the enzyme 2 . In general, excessive amounts of acyl donors were used in lipase-catalyzed synthesis of esters of vitamin C, which is in accordance with our results. However, in esterification of L-ascorbic acid and benzoic acid in cyclohexanone optimized using RSM, equimolar conditions 0.1031 M of both substrates were applied 25 .
When it comes to vitamin C concentration, it can be concluded that in researches with aim of molar conversion maximization, lower concentrations were applied usually up to 0.1 M 13, 19, 24 , while in studies in which output was product yield, higher amounts of L-ascorbic acid were used above 0.1 M 2, 10, 16 . Only a few authors optimized limiting substrate concentration in terms of ester yield 25, 32, 33 .
Similar trends were observed in study of ascorbyl oleate synthesis by Kuwabara et al., since at lower concentrationslinear increase of ester yield with increase of L-ascorbic acid concentration was observed at all molar ratios, while at higher vitamin C concentrations and higher molar ratios, only small increase of product yield was noted 32 . Yang and coworkers obtained maximum yield of ascorbyl-conjugated linoleic acid ester at highest investigated concentrations of vitamin C 0.28 M , but synthesis was performed at high lipase concentration, hence specific product yield is significantly higher in our study 33 .
High yield at moderate molar excess of oleic acid obtained in our study is very beneficial for further process Contour plot.
development since it reduces the concentration of nonconsumed oleic acid in final reaction mixture and simplifies downstream processing. 3.1.4 The effect of reaction temperature The effects of temperature are similar with respect to each of examined outputs, since in obtained models Eqs. 2-4 linear and quadratic coefficients are significant with positive values. In Fig. 6 the influence of temperature is depicted and it can be seen that output maximums were reached at 60 . It should be noted that boiling point of acetone is 56 , but due to colligative properties of analyzed solutions, liquid reaction mixtures could be obtained up to 60 . Therefore, examination of temperatures above 60 would be futile since reaction medium becomes gaseous due to high volatility of acetone.
In previous reports, for different acyl donors and organic solvents, temperatures ranging from 30 to 70 were established as optimal. In a synthesis of the same ester performed with immobilized lipase from Candida sp. the highest initial rates were accomplished at 60 , and maximum ascorbyl oleate concentration was achieved at 55 16 . In a two separated investigations of ascorbyl palmitate synthesis using same lipase preparation as in our study high yields were reported at 55 10 and 60 13 . Interestingly, in optimization study using same lipase preparation in synthesis of ascorbyl laurate temperature optimum as 3.2 The effect of molecular sieves addition on specific product yield Since water is product of esterification, the optimization of initial water concentration is not sufficient to provide high reaction yields. Therefore, influence of water removal by addition of molecular sieves, was investigated. The addition of molecular sieves in reaction mixture enables continuous removal of water and shifting thermodynamic equilibrium towards higher yields of ester 15, 16 . Nevertheless, in several studies was noticed that if sieves are added too early they can absorb essential water and destroy catalytic conformation of enzyme 34, 35 . Therefore, the timing of addition of sieves was also analyzed Fig. 7 . It can be seen that ester yields were significantly improved by addition of adsorbent. The effect of sieves was more pronounced when addition was performed in 4 th hour of reaction. After comparison of the shapes of reaction curves, it can be noticed that after 4 h significant decrease of reaction rate occurs if sieves were not added. On the other hand, after addition of sieves in 4 th hour esterification continues with almost unchanged rate for around 20 h resulting with product yield increase to19.3 mmol g 1 .
Fig. 6
The response surface of temperature and ascorbic acid concentration effects on limiting substrate conversion. 
Reusability study and biocatalyst reactivation
The utilization of immobilized biocatalyst in repeated reaction cycles and monitoring the retained activity offers good estimation of prospects for development of enzymatic ascorbyl oleate synthesis. The change of immobilized lipase activity throughout ten reaction cycles, lasting 24 hours, is illustrated in Fig. 8 . During initial five cycles activity of lipase was constant or even increased. Subsequently stable inactivation occurred leading to preservation of 48 of initial activity after ten cycles.
Previous reports containing data about operational activity of lipases has been prevalently focused on synthesis of aliphatic esters 36, 37 39 . Generally, it can be noticed that stability predominantly depends on the amount of hydrophilic organic compounds, which can have role of solvent or substrate. Very illustrative is example of isoamyl acetate synthesis in n-heptane catalyzed with Lipozyme where at high substrate concentrations lipase activity was completely diminished at equimolar conditions after only 4 cycles, while at excess of alcohol less hydrophilic substrate lipase activity reduced only about 10 in ten cycles 37 . Similar or even higher rate of Novozyme ® 435 deactivation than in our study was observed in synthesis of butyl isobutyrate in n-heptane since activity was reduced to around 70 of initial activity after five cycles, or in citronellyl laurate synthesis in same solvent was reduced to around 90 after only three cycles 22, 38 . Higher stability of same immobilized lipase preparation was observed only in study of solventfree synthesis of ethyl docosahexanoate, but reaction was performed at significantly lower temperature 30 39 .
Therefore, observed operational stability in our study is satisfying since observed retention of activity was similar to above mentioned studies, although it was performed in very polar organic solvent acetone , which usually favor faster inactivation of lipase. Overall yield obtained after ten reaction cycles with one batch of immobilized lipase was 153 mmol g 1 . Finally, attempt was made to reactivate partially inactivated immobilized lipase obtained after 10 th reaction cycle. It was previously stated that in presence of organic solvents lipase inactivation occurs predominantly due to distortion of its three dimensional structure 40 . If immobilized preparation is also subjected to high temperatures chemical modifications can also occur 40 . Since it was previously shown that reactivation can be achieved in some extent with simple incubation in phosphate buffer with or without added detergents, we tested this strategy on our sample 40, 41 . After incubation in 50 mM phosphate buffer lipase activity increased to 72 of initial in 1 st reaction cycles . It seems that applied strategy ensures at least partial reactivation of immobilized lipase and offers possibility of prolonged usage of lipase preparation and reduction of production costs.
Structural analysis
The product was isolated using semi preparative HPLC column and NMR spectra were determined: 1 16 .
CONCLUSION
In this study, key reaction factors of lipase-catalyzed ascorbyl oleate synthesis in acetone were optimized using response surface methodology RSM and 5-level-5-factor central composite rotatable design CCRD with respect to three different outputs. Temperature and water concentration exhibited equal optimums, 60 and 0.018 v/v , with respect to all examined outputs, but discrepancies were observed in analysis of effects of lipase concentration and substrates concentration. It was found out that maximum specific product yields in mmol of product per g of lipase was achieved at lowest examined values of lipase concentration 0.2 w/v , 0.135 M of vitamin C, and substrates molar ratio 1:8. Obtained specific product yield 16.7 mmol g 1 was promising in comparison with previous literature reports, hence further experiments with purpose of developing cost-effective enzymatic process were performed at optimum values for this output. Since reaction equilibrium of ester synthesis can be shifted towards product formation by water removal subsequent experimental series was focused on optimization of molec- Fig. 8 Change of immobilized lipase activity throughout ten reaction cycles, lasting 24 hours. The reactions were carried out at previously optimized conditions. ular sieve addition in reaction mixture, and further increase to 19.3 mmol g 1 was achieved by addition of molecular sieves at 4 th hour of esterification. Enzyme reusability study indicated that over 80 of initial activity was retained throughout seven reaction cycles and it was shown that simple procedure of partial lipase reactivation with phosphate buffer made process much more productive. Obtained yields are comparable with previously reported yields obtained with more expensive solvents and/or complex acyl donors, indicating that enzymatic synthesis in acetone offers good prospect for developing cost-effective enzymatic process.
